For 30 male and 30 female talkers, distributions of short-term rms speech levels, relative to the corresponding long-term rms levels, were determined in each of eight •-oct bands for six shortterm measurement intervals. Consecutive, Hanning-windowed, 20-ms time records were combined to produce nominal measurement intervals ranging from 20 to 120 ms. For each measurement interval, mean distributions of short-term rms speech levels relative to long-term levels were very similar for male and female talkers, and intertalker differences were small, especially for short-term amplitudes above the median level. The distribution of short-term rms speech levels relative to long-term rms speech levels varied with measurement interval for the short-term measurements. The effect of measurement interval was least for the highest amplitude speech levels and increased as speech levels decreased. For short-term amplitudes above the median level, the effect of measurement interval was greater in higher frequency regions, whereas for short-term amplitudes below the median level, measurement interval had the greatest effect on the lower frequency bands. These data may facilitate comparisons among investigations using different measurement intervals. In addition, they have implications for amplification strategies.
INTRODUCTION
In hearing aid research, speech is often specified in terms of the amplitude distribution of rms levels measured using short integration times, typically 1 s or less. Investigators have employed a variety of time constants for the shortterm rms measurements. Numerous workers have relied on the classic data of Dunn and White (1940) , which used an integration time of 125 ms and averaged across 11 talkers. Other investigators have used integration times ranging from 1 s to a few ms and have typically measured the distribution for the particular talker(s) used in the study.
Some of these investigations have produced apparently contradictory outcomes. For example, one study (Skinner, 1980) suggests that an appropriate amplification strategy could allow the 25% distribution level (i.e., the short-term rms level exceeded in 25% of samples) to approach the listener's discomfort thresholds, whereas another study (De Gennaro et al., 1986) suggests that only the 1% distribution levels should be allowed to approach the discomfort thresholds.
However, because of differences in integration times used to determine short-term rms amplitude distributions and the different talkers for whom these distributions have been determined, it may not be appropriate to directly compare the results of diverse investigations. The measurement interval used to obtain the short-term rms speech levels is an important factor in the obtained distribution. In addition, it is possible that individual talkers may vary substantially in the range of short-term speech levels they produce. Hence, results obtained with one talker may not be generalizable to other talkers.
An additional consideration involves the relationship between short-term amplitude distributions and long-term rms levels in speech. Available data on the short-term/longterm rms ratios in speech and the effects of integration times are limited to small numbers of talkers and measurement intervals. Because of this, it is problematic to compare amplification strategies that are based on a «-oct band long-term rms speech spectrum (e.g., Byrne and Dillon, 1986) with those that are based on a short-term amplitude distribution (e.g., Barfod, 1972) .
The investigation reported here was undertaken to generate a more complete description of the distribution of short-term rms speech levels and its relationship to the corresponding long-term rms levels. It was anticipated that these data would be useful in comparing results from diverse investigations, and, in addition, may have implications for amplification strategies. The following questions were of particular interest. The long-term rms «-oct band levels for each sample were derived from a spectrum based on one thousand 20-ms samples. Short-term levels for nominal 20-, 40-, 60-, 80-, 100-, and 120-ms intervals were computed for each of eight «-oct bands from rms amplitude spectra. Each rms spectrum was obtained from FFTs averaged on a power basis for the appropriate number (1-6) of contiguous data blocks. Accuracy of the measurement of short-term levels was checked using amplitude-modulated sinusoids with known peak-torms levels. Differences between measured and predicted short-term rms levels were < 0.25 dB.
To preserve accuracy in the spectral analyses of the speech samples, each 20-ms data block was weighted using a Hanning window prior to FFT analysis. Because the Hanning window forces the amplitude level to 0 at the beginning and end of the 20-ms time record, only the middle 7.5 ms of the record are actually observed at full amplitude. The rms level seen in this time period becomes the estimate of level for the entire 20 ms. Thus events that are completely encompassed within the initial or final 6.25 ms of a time record will not influence the measured level of that sample. In the worst case, a 12.5-ms event that happened to be perfectly centered between two contiguous data blocks would be missed entirely. Because many randomly selected speech samples were obtained from each talker with the results averaged across talkers and because sounds as brief as 12 ms are very rare in normal speech (Umeda, 1977) , it was postulated that the windowing procedure would not exert a significant effect on the measured distribution levels. To evaluate this issue, the results were compared with analagous data obtained by Dunn Figure 1 shows that, when talkers were normalized in terms of overall level, the mean short-term/long-term rms ratios were similar for male and female talkers. This was also true for all other measurement intervals. For the 1%, 10%, 20%, and 50% amplitude distribution contours, the male and female data were almost identical. However, for the 70% and 90% contours, mean differences up to about 5 dB were sometimes found. Standard deviations were on the order of 1-2 dB for the three upper contours and 4-6 dB for the three lower contours, indicating that intertalker differences within each sex are rather small for speech amplitudes above the median level. Overall, these results suggest that intertalker differences in short-term/long-term rms ratios are probably not an important consideration in hearing aid fitting strategies. In addition, data relating hearing-aided performance to short-term/long-term rms ratios for a single talker can probably validly be generalized to other talkers. However, it should be noted that, for low-amplitude distribution levels, mean differences of several decibels may be found between male and female talkers and intertalker differences may be significant. Male talker data from the present study are very similar at all frequencies to those reported by Dunn and White. For female talkers, the two studies are in excellent agreement through 2500 Hz. Above this frequency, the Dunn and White 1% levels are 1-2 dB higher than the corresponding levels obtained in the present study. The excellent overall agreement between the two studies suggests that the use of the Hanning window in data collection did not significantly affect the obtained distribution levels. Because the high-frequency disparity is present for the female talkers only, it seems unlikely that this difference in results is due to the measurement procedure. However, this issue should be kept in mind if these data are compared to other data obtained using a different measurement procedure. Figure 3 (a) -(e) illustrates the effect of short-term measurement interval on the short-term/long-term rms ratios.
Male and female talker data are averaged in these figures. Each figure illustrates short-term/long-term rms ratios for the five shorter intervals expressed relative to the corresponding ratios for the 120-ms interval. Positive and negative data values indicate that the short-term amplitudes for the interval in question were higher and lower, respectively, than the corresponding amplitudes measured for the 120-ms interval. Data are not reported for the 90% amplitude contour because this contour could not clearly be distinguished from the ambient noise for the shortest measurement intervals.
Figure 3(a) shows that measurement interval had a small but systematic effect on the short-term/long-term rms ratio for the highest amplitude speech events: The 1% level increased by 0.5-1.5 dB as measurement intervals decreased from 120 to 20 ms. In general, the effect was greater for higher frequency bands. The 1% level contour has been used in several hearing aid related applications, including standardized hearing aid gain measurement and prescription of hearing aid saturation level. The data shown in Fig. 3(a) indicate that measurement interval (in the 20 to 120 ms range) is probably not an important consideration in these applications.
The pattern of changes for the 10% contour [ Fig. 3(b) ] is similar to that seen for the 20% contour [ Fig. 3 (c) Figure 3(c) , however, shows that, when speech is measured in 20-ms intervals, the 20% contour is considerably lower than that seen for 120-ms measurements, especially in the important midfrequency bands. As a result, only 10%-15% of samples are above the corresponding long-term rms level at most measured frequencies. Overall, these data indicate that, if an amplification strategy attempts to shape and amplify the speech spectrum so that a specific proportion of speech is audible (see, for example, DeGennaro et al., 1986), the prescribed frequency/gain function will depend, to some extent, on the measurement interval used in speech analysis. Figure 3 (d) and (e) reveals a substantial drop in shortterm rms levels for the 50% and 70% contours, respectively, as measurement interval decreased. These figures indicate a reversal of the trend seen in Fig. 3 ( a)-(c ) in that the effects of measurement interval on the short-term/long-term rms ratio were greater in the lower frequency bands.
As expected, lengthening the measurement interval resulted in a more narrow range of short-term speech ampli- interval was increased to 120 ms, the corresponding ranges were 21 and 25.5 dB, respectively. This narrowed range of short-term amplitude levels was almost entirely due to a rise in the levels of contours at and below 10% for longer measurement intervals.
